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ABSTEAC*r 

The tentative guide in pover and energy for senior 
high school use is part of a series of industrial arts curriculum 
materials developed by the state of Louisiana. The course is designed 
to provide **hands-on.^ experience vith tools and materials along vith 
a- study of the industrial processes in pover and ene:p^y. In addition, 
the student is also offered the opportunity to mak«;tenative career 
decisions^ analyze employment trends^ and experience guidance In the 
various careers related to the ^poiier and energy job family. The ^ ^ 
student has the opportunity to design, plan, and complete appropriate 
articles and learn of the careers related to those articles. The 
major units of the course arei safety; introduction to pover and 
energy; pover sources; vork^ energy, pover; basic ^ools used in pover 
and energy laboratory; mechanical systems; fluid systems; electrical 
pover systems; combined systems of pover; ^nd internal .combustion ^ 
engine. The outline format includes performance objectives iflth 
suggested learning activities for the major unit topics and 
subtopics. Suggested resources refer the user to the State Department 
of Education*s adopted textbook list and to the resource list 
appended to the document. <Author/NJ) 
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- * POWER AND ENERGY * . , 

I 

^ •■ 

I 

' Overview 

In this course' the student, tHrough "hands on" experiences with tools and materials 
and study of the industrial processes in power and energy, will have had an cfpportunity 

4 * 

to make tentative career decisions , analyze employment i^rends , and experience guidance 
in the various = careers related to the power and energy jo£> family, 

Special attention Is given to helping students discover their technical abilities 
and to interesting them in obtaining career inforination.« Students have an opportunity 
to design, plan and complete appropriate articles and learn of the careers related to 
those articles,* Both Individual and group educational experiences are encouraged, ■ Stu- 
dents will use practical application of language arts, mathematics and science in solving 
meanlngful^'problems . They will also, use safe work habits and will participate actively- 
In the operation and^ management pf the power and energy laboratory- 
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Sxt^rnal Combustion Engine 



ERIC 



XV 



0 



TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



SUGGESTED ACTIVITIES 
^— ' 



RESOURCES 



Lessons that ap- 
pear in the^ 
f o I lowing numbe red 
sequence are the 
acti^^ties for 
that particular 
day- 

I, Safety (2) 



II • Introduction 

to Power 
, and Energy 

(4) 'Time 

allotted 
(4K hrs, . 



I, The student will prac- . 
tice using correct safety 
techniques demonstrated 
in class* 

Safety should not be* 
taugftit irv a unit but in- 
corporilted through this 
curriculum where hazards 
might occur, 

II* Upon completion of this 
unit the student will be 
able to identify the con- 
* tent of power technology, 

(1) Skills basic to power 
3fnd energy* 

(2) Occupations and pro- 
fessions in the field 
of power and energy, 

C3) Practical applica- 
tions of language 
arts 0 science , math- 
ematics I and methods 

of research in power 
. < and energy, v 
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^ I, Instructor will lepture and 
demonstrate ^proper safety ^ 
techniques in the- use of ' 
hand tools, power equipmeat, 
flammables, etc* 



II, Explanation and demonstra- 



tion, 
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ATOPIC OUTLINE 


*pfeRFORMA'NCE OBJECTIVES 


SUGGESTED ACTIVITIES 
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■ RESOURCES 




III, Power sources 
(10) Time al- 
lotted (10) ^ 
hrs, 

•* 

A, l^atural 
sources 


III, The student will be able 

to identify the' sources of 
power as the first step in 
i the development of man's 
' use of power « 

The student will be able 
to identify the following 
sources of powers , 

(1) Muscle 

(2) water 

(3) Wind 

.(4) Sun 


III, Explanation and defeionstration ' 
Explanation and demonstration 
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' Electrical 
sources 


The student will be able 
describe electric^ sources 

(1) Mechanical 

(2) Chemical . ^ 


Explanation and demonstration 
of electrical sources of ^ 

f 
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- nt 
0 * 

P CQ 
0 Q} 
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C« Thermal 
sources 

V 

c 


The student will be ablef 
to state the applications 
of thermal sources of 
power including the fallow- 
ings^ ' 
(1) Solids' ' 
*(2) Gases ^ 

(3) * Liquids 

(4) Atomic ^ 
* * 

V 1 


Explanation^ and demonstration 
of thermal sources power. 
Students could' use the follow** 
ing examples of thermal , 
sources^ 

(1) Solid rocket fuel as a 
solid source of power ^ 

(2) Compressed gas, such as 
CO2 cartridge^ for a^ gas 
source ' , 

(3) Burning of gasoline In a 
small engine as a liquid 
sou rce 
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SEE STATE DEPARTMENT OP E^DUCATION'S ADOPTED 
TEXTBOOK LIST FOR RESOURCE MATERIALS*^ ALSO SEE 
LIST AT'ElSfD OF THE^ GUIDE*" 



tn 
c 
o 
o 

tn 

^: 
< 



tn 
O 

c 
a 



* i 



6 



*0 
H 
O 

o 
c 

H 



to 




^^^^ s 

^ w 
rt h 

l-f \Q 



WHO 

p p. 1-1 

h-* ^ to 
d to 

p d 
d u3 



£ O 
O 

m to 



^'-^ i-i > 
a 

en w Q 
0 o M 

M M H- 

a' a t3 

* H- H- rt 

D D O 

n u3 to 

'0 d 

n> 



^ ^ ^ 



00 



1-3 cn 



^ w a 



0% 

a >^ 

ar' ft 

in fu 
n> o 

rt 

o 

n> 
rt 



a 

> w Q 

WW© 
rt 

d: 

Oi Oi 

to to 



50 H tLW 

CD £ t1 V- 

p H-*H- CD 

3 W H- O 

Q rt rt 

^ ^ ^ 

M to Oj H to 



P3 

a rt. 



il^ il^ ii^ il^ 

g 

•13 ?o tn 2 



to 



to 



h d 

p tr 

w tr 

to (D 

B 



fir (U 



= 8 



rt rt 



O 
rt 

<^ 



O 

h 
ft 



Q ft to 

C Q Ml 

d rt 
ft V 

to h 

d n> 

•o *rt M 

•o o o 'U 

Q ft 0 
to O 
O M 



a. 



•d 



o 



c 

i 

> 

< 



,SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK 
LIST'FOR RESOURCE MATERIAj:,a. 'ALSO SEE JiIST AT END 
OF THE GUIDE, ' . * 
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TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



VI • Mechanical 

Systems {10)^ 
Time allotted 
(10) hrs, 

A, Power 'input 



Control 
arnd Con- 
trol de- 
vices 



(b) * Piston ring com- 

pressor 

(c) Main gear wheel^ " 
puller 

4 

Uporv'conclusion of this unit 
' the student will be abl« to 

describe the operation of me- 
* ^hdhical power, systems « . 

The student will be able to 
recognize the power input 
that prcK^uces motion in the 
mechanical power systems, 
^(1) Reciprocating rotary, 

and lipear motion 
(2 ) Inertia , momentum / and 

acce leration 



The^ student will be able to 
name devices used to control 
power in a mechanical system. 

r ' ^ 



SUGGESTED ACTIVITIES 



RESOURCES 



power mechanics-^ 



I 



Explanation and demonstration 
.through the operation of^a 
gasoline engine * Students 
could ^see examples of^ power 
input through the following: 

(1) The piston of the engine 
is an example of recipro- 
cating motion; the crank- 
shaft is an examp3.e of 
linear motion, 

(2) Th^ student could push 
and stop a^ model car to 
illustrate^ the principles 
of inertia,- njomentum, and 
acceleration. 

Explanation/ demonstration 
and use of basic machines 
(levers / inclined planes / , 
^ears, pulleys and clutches 
and Control devices) The ' 
, student cpul^J be given 
examples of these basic ma- 
chines a?nd experience how he 
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SEE. STATE DEPARTMENT OF EDtXTATIOK' S ADOPTED TEXTBOOK 
LIST FOR RESOURCE MR;TERIALS. ALSO SEE'LIST AT END 
OF THIS GUIDE/ . ' ' - ' - 
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TOPIC outline" 


PERFORMANCE OBJECTIVES 


SUGGESTED ACTIVITIES 


RESOURCES 




• * • 

* 

* 

* 

* 

• * 

(2) Control . 
and con-' 
trol de- 
vices 

^ (3) Trans- 
mission 

CO 

(4) Power 
output 

■4 

t - m - 

• ■ ■ - J 

1 


in^ithe fluid power systems. 

The student will be able to 
naih^L control devices of 
fluid systems • 

f 

. The student will b^ able to 
,de scribe the siniple trans- 
mis^Sion used in fluid sys- 
tems* \ 

The student will be able to 
identify the output of power 
in fluid systems- 

% 


^ power systems using the 
^ followings Hydraulic reser- 
voirs,* flui<a arid^ filter, hy*- 
draulic pumps and, air cbm*- 
^Vessots, students could 
bring ao ejKample^'such as a 
sl>ocIc absorber, 

The stiident^should be allowed 
to' set up^ and^use tran?-^ 
Mission lines "in the system, 
transmitting fluid" power to 
raise and lower" an* object. 

The student should be allowed' 
to set up and use trans- 
mission fluid' power to raise ; 

and Ipwe'r an object, | 

/ ^ , i 

Explanation of output through 
cylinders, motors, and ; 
pressures in* fluid power sys- 
tems * ^ ' ^ \ 
„ ' (1) Pl^uid power cylinder as 

used in a^ydraulic land-^ 
ing gear'^system on air ; 
- craft i 
(2) Power brakes and power \ 
steexing on, an auto— | 
mobile ' ! 
^ (3) Movemeht of bulldozer 
blade using hydraulic 
lines \ 

^ 1 
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TOPIC OUTLINE 



PERFORMANCE. OBJECTIVES 



(3) Electri- 
cal raea- 
suremenl: 



The student will be able to 
perform basic measurement of 
electri'ical power* . - 



(4) Circuits 



The student will be able ta 
.identify an^ electrical cir- 
cuit* 



SUGGESTED ACTIVITIES 



to mechanically produce 
electricity by constructing 
ahd using a generator. He 
could also chemically pro- 
dude electricity by con- 
^ structing a simple wet cell* 
Electrical safety should be 
denfonstrated an^ discussed * 

Explanation and demonstra- 
tioh showing various electr.i 
cal measuring devices used 
at low voltages of 6-12 
volts* Students should be 
allowed to connect and read 
the varibus measuring, de- 
vices used / such as an ohm. 
meter/ volt meter/ and amp 
meter Electrical safety 
should be discussed con- 
cerning the proper- use of 
^6hese measuring devices* 

f Explanation and demonstra- 
tion identifying the cir- 
cuit and the characteristics 
of the circuit** Students 
should be allowed to set up 
simple circuits u^ing a 
c power souroe^ loa!3, switch- 
, ing. device'/ and copnectors* 
Examples* 
^ (1) Simulate the magnetic 

/system such* as that of I 



RESOURCES* 



o * 

CO 

H O 

a 

CO 
^ H 



in 
o 



i 

< 
to 



D 



to 
to 



to - 
Pi . 



to 5 
o 
m to 

CO 



to 



ft (u o 
h D 0 



D 



ft 
0 



D Q 

c (t> 
ft n 



0 

ft W 
P 
0 
D 



0 



0 

c 

CD 
ft 



in 



hi SO 



ft 
D D 

ft 

IL. 



p. 

0 w 

ft H- 
H 0 
H- D 

n 

w rt 

ft « 
3 C 

• DO 
H- 



0 

H- rt 
S 
(D 

ft D 



ft 
0 



<D ft 
^ 

0 ft 
ft 

h no 

0 0 



0 
0 

D ft 

H- C 

D 
ft 



3 



3 
0 

ft 

0 
D 

H- 
D 



ft 

I 



cr 



ft 

ft 
0 



(D. 

(D » n) 
0 0 
ft n 

n n) a 



ft 



W 0 

ft 

ft, 

H- 

0 
D 



cr 



0 (D 
Hi 

ft 
(U 0 
D 



D 
ft 



D 
(u 
rt 

D 

a 

0 
ft 



D W 
(D rt 

c 

ft Qi 

Q D 
ft 

p. £ 
Hi 

(D \-> 
0 

tr M 

(D (D 
*0 



to 



ft 


ft 


01 


D 


cr p- 


t3 P- H 


0 


ft 




H P- 






c 


P* 




Hi 0 




a 




;^ :f 










(D ft 




rt 












rt 




P* 




C 


cn 






0 ft p- 










Qj H 










W ft 0 
0 P- 


:f 






D 


0 






Qi 


0 




P* 


Hi (D ft 




p* 








0 


Qi 






ft 








Qi 


HOC 




cr 




P* 


(U Hi ft 


H 






ft P- 


D P- 








C ^ 


w 0 p* 


rt 






H :f 


3 0 P- 


(D 






D ft 


P- D N 










W ft p- 


(D 


r 






W H D 


P* 






^- 


P- 0 


(D 








0 M 


0 


Qi 






D (A 


I 









< 

H 
P- 
0 

c 



< oa 
0 rt 

p* (D 
ft B 

0 ♦ 
P- 

H 

n » 

c X 

p- (U w 

ft 3 

•13 O 
Hi P-* H* 
0 (D 

H no 

i 

H 



ft ft CO 
H 0 ft 

H- n 

0 Qi 
fU (D (D 

ft 
01 



P- 
D 



0 C 

ft p-na 

^3 H 

p- Qi 
ft 

cn 0 

c n) 

ft H 

p- 

ft 



0 
c 

H 
Qi 

cr 



P' 
P' 

P- D H 

0 

c I 
ft 



Qi 



P- P- 
D D 

P- ■ 

< » 

p- :f 
a 0 
c c 

fj H 
P* Qi 



a 
p^ 



ft td 
p- X 
W O 'U 
0 D P* 
C • 

P 

O 
!3 



D 

ft 
P" 
0 
D 



CO 
Hi 
ft 

H *< (U 

(u (D a 

D 0 < Q* Q* 
Qi 0 P- 

5: 



0 
0 



< 

H 

a> 

P- Q^ 

o cr 

rt 0 

H- ft 

< :f 



Qi 
(D 

3 
O 

^ D 

(u ft 
D H 

Qi tU 
ft 
ft p- 
(D 0 
» D 
ft 

J 



Qi 

! 

D 

ft 
H 
fU 
( 





Qi 


0 0 










P- 


P- D 




X 






W 


3^ 


a 




Qi 








p* 




• 


8 


C U 


Qi 




3 






H- (D 


H- 










rt ft 


H 


tu 


8- 






• 


(D 


ft 


P- 




Qi 


C 


0 


P- 


p* 








rt 


0 


















P- 


SU CD 


0 








ft 


Hi H- 


c 


0 










H 


Hi 








rt 


H 












fu 










D 


D 






1 




rt 




















< 


0 0 




p* 






0 


c 




ft 






p* 


H P 




a> 






ft 


Qi D 


(t 


H 








JQi C 


D 










-Qi 










Q G 




(t 








0 




H- 
D 





ft 3 

(U H P* 

w rt p* 

ft H (D 

ft 01 p- 

rt 3 

0 ft a> 

Hi (1) ♦ 



(D U 

C ft 

ft <D 

0 3 
I 



SEfe STATE DEPARTMEIilT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR" 
RESOURCE MATERIALS, ALSO SEE LIST AT THE END OF THIS GUIDE, 

CO 

O 
c 

CO 



TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



(3) Power 
output 



The. student will be able to 
identify forms of power out- 
put in electrical syjstems* 



Examples! 

(1) -Control of a circuit 
y,sing resistors, relays 
and switches 

(2) Methods of transmission 
through experiments with 
Various conducting and 
non-conducting materials 
and examining various 

^ypes ^of wiring and 



cables 



Students will be allowed to 
set up and operate e^lectri- 
cal circuits to produce mo- 
tion^ hfeat* light, or sound. 
Examples ^ ^ 

(1) Construction of a simple 
electric motor 

(2) Construction of an 
electrOiuagnet £ 

(3) Use of electrical heat- 
ing elements ^ 

(4) Lighting systems con- i 
] trolled by^ switches or ' 

thermostats as used in 
au t omob i le s ^ 

(5) Electric buzzer or horn' 
Students may also take a 
field "trip to see forms ,of 
power output! in electrical 
systems* 
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TOPIC OUTLIKE 


' PERFORMANCE OBJECTIVES 


1 i • 

SUGGESTED ACTIVITIES 


^ . RESOueCES 






features of 4-cycIe engines . 


illustrated physically, by 
X ufeing transparent, live 
firing engines, ' 

! 


O" 

Eh Q 




(2) 2-cycle 


The student will be able *to- 
uiiQ 511 ana anu @ Apxa^rt uric 
operating principles and 
features of 4^cycle engines. 


^A basiq description can be 
» o J. j^^^ ea ariQ cu ^— away iiioq@ l s 
can be used to highlight the 
marjor features. 


< 

)F THIS Gl 


V 


Rotary 
type- , 
(Wankels) 
turbines 

CO 


The student will babble to^ 

a. Expose each part Qf the 
4-s,troke cycle in a ro^ 
tary engine, 

b*^ Relate the rotor and 
crankshaft rotations* 

c. Compare the 4-^trol^es of* 
. the rotary with the 

4-strokes of the Otto en- 
gine,. 

<3 * Sketch the Warikel Rotor. 

and housing* 
e , Describe the pperation 

of a turbine. 


A transparent Wankel can be 
' used td display the working 
componejnts such as the rotor 
and the" crankshaft* Cut- 
away model of a turbin^ can 
. be used to display the rotor 
and housing arrangement,* 


■lENT OP EDUCATION'S ADOPTED TI 
CS. ALSO SEE LIST AT THE Em ( 




Dieseli 
com- 
pression' 
ignition 


The student is introduced 
to compression ignition 
principles. He will be 
able to* 

a. Define diesels or com- 
pression ignition en- _ % 
f '" '^'gine s « 

b * Recognize diesel engines. 


A detailed description can 
be offered on the ope^^ating 
principles of 4*- cycle die-- 
' ^ sels. Schematic diagrams 
''can be used for each stroke 
to aid; the, student in vis- 
ualizing^ the strokes. The 
intake , compression power ^ 
and , exhaust strokes c^n be 
described. In each case, 


g ^ 
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cn ^ 
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TOPIC OUTWNE 


PERFORMANCE OBJECTIVES 




c, E^fplain the princi- 




ples .of 4-cycle diesel 




engine operation • 




a* Introduce the func- ^ 




tioo of the principle 




parts of a 4-cycler . 




diesel engine < 


a • Spark ig^ 


The student will be able 


nition 


to: 


system ' 






a- Describe the function 




' of the points, con^ ' 




densor, coil and spark- 




plugs 


CO 


b. Define the ignition 


o 


timing 




c • Conduct tests and re.- 




late crankshaft rota- 




tion tO) degree readr- 




^ ings< 




^ * ■ 
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SUGGESTED ACTIVITIES 



RESOURCES 



the ph^s^cal process in- 
volved shoul*^ be explained 
for bettiar understanding of 
the related elements as they 
occur in actual oparation. 



A live firing, transparent 
engine can be used tOodes- 
cribe ^nd show the function 
of the points, condensor, 
coil and spark plugs- The 
student can examine each 
part and obtain* a first 
hand oxperientfe with those 
components, A physical in- 
terpretation of ignition 
■ timing can ^ie offered 
through the use of the same 
transparent ehgine- The re- 
lationship Qf crankshaft %ro- 
tation, piston position and 
degree readings can be shown 
Definitions of Top Dead Cen- 
ter (TDC)^ advanced or de- 
layed timing (BTDC and 
ATDC) can be given with the 
student observing tttis^ re-, 
latioriship through the 
transparent cylinder of the 
engine-, \ 



o * 

Q 



£^ 

X 

i 

o 

< 

CO 

O 
H 
£^ 

g. 

O 



CO 
H 



< 

CO 
M 

CO 

O 

CO 



1 3 



CO 



s 

m CO 
CO 



^ i 

TOPIC OUTLINE 


PERFORMANCE OBJECTIVES 


^ SUJSGESTED ACTIVITIES 

if m ' i 


iRESOURCES 


2* Mechanics of 


The student will be- able to 


Shop activitie'^ whe^e the * 




Enqines 


unc^erstand *and name the 


students conduct hands-on 


a; 
O 




^ basic components and their 


activities with various en- 






/ functions and recognize the 


gines « Operation of 






/ subsystems of engines* 


different engines and mea- 


/ 


will actively participate 


surement of engine power 




in adjusting engine con-- 


output* Students should be 


o o 

o 

oQ xn 


. ' / 


trols and operate the^je en- 


ertcouraged to use tools and 




gines under various condi^ 


dynamometers to develop a 


£^ H 
£-1 




tions* He will develop a 


knowledge of instrumenta- ^ 




sourid knowledge on engine 


tion* 


a o 


/ ^ 


^^opejcration before disas-- 




£-1 Q 


semibly * 






/ 

/ 








I>5y: a * Recipro- 












LIST 


/ & 4 —cycle 






/ engines 






a w 


(I) Powet 


The student will be able to 


The basic elements of a ^ 




control 


experience and understands , 


simple carburetor can be 


w o 
to 


and car- 




shown and explained by dis- 




c buretion 


a,^ The 'components which con* 


assembling and examining a i 




PART I 


trol the fuel/air mix- ; 
ture ratio 
b* The basic principles in- 


simple carburetor : 


N to 

i M 




volved in venturi-type 




Q g 




carburetors 






c',. How the fuel/air mixture 




^ y 




can affect the power 






output,. 
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TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



(2) Power con- 
trol & car- 
buretion 
'PART II 



to 



(3) Power con- 
trol and 
carburetion 
PART III 



(4) A typical 
small en- 
gine, carbu- 
retor 



The student will be able to 
experience and understand: 

a. How the fueX is con- 
trolled, 

b* What components are in- 
volved^ in fuel control* 



The student will under- 
stand and experiment with 

the mechanisjns involved 

ini.rf 

a. Choke of a carburetor 
b* Throttle of a carburetor 

The atudent will be able 
to; 

a. Work With and recognize 
an up— draft carburetor, 

b- Remove and install this 
type carburetor on a 
Briggs & S1:ratton en-f' 
gine« ) 
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SUGGESTED ACTIVITIES 



The basic elements of the 
fuel metering and float sys- 
tem of a small engine carbu- 
retor can be presented by the 
qse *of charts and drawings. 
The venturi type of carbure- 
tors from Small engines may' 
T^e introduced for the purpose 
of exhibiting how better- car- 
buretor performance is 
achieved • . - i ^ 

,Th'^ mechanism ,inVQlved iri I 
achieving a constant level of 
fuel in the tank c^n be shown 
and explained < 

The choke may be described 
with the aid of diagrams. 
The use of the^ chloke in a 
cold start can be explained. 
The function of the choke 
for increasing the fuel/air ^ 
ratio should be described « 

a*he student .may remove and 
install a Br iggs and Stratton 
UjJ-dratt carburetor. The 
student should experiment 
with a simple up-draft car- 
buretor of widespread use « 
The student mu^t disassemble' 
an up-*dra£t* carburetor which- 
incorporates^^adjustments^ oh 



TOPIC OUTLINE . 


PERFORMANCE^ OBJECTIVES 


SUGGESTED ACTIVITIES 


RESOURCES . . 




(5) Disassembly 
and opera-' 
tion Of an' 

up*<3raft 
"carburetor 

CO 
CO 


r . ^ 

The student will be able to: 

a- Recognise an tip-draft 

carburetor* 
b* Identify the parts of 

the carburetor* 
c* Name' the fuel sub-pyst^ms 

of the carburetor-* 

ments" On_ the^ carburetor 
and state what they do- 


idle speed, idle mixture and 
high speed ^nixture. He yxll 
be able to develop experience ' 
in disassembling and assem- 
bling a Briggs & Stratton en^ 
gine carburetor, 

A Briggs and Stratton engine 
may be used for the students 
to disassemble a typical up* 
draft carbur&tor and study 
tjie mechanism. 
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(6) Function of 
a cylinder - 
head 


The student will be able to: 

a. Learn the procedure of 
disassembling a trans.- 
parent engine cylinder 
head- , " 

b. Develop skills in the 
utilization of hand tools 
during the disassembly 
of a cylinder head*' 

c. Study in greater detail 
the cOmp*onents^ of a cy-- 

■ linder- 
<3_, KeasseitiDXe tne cyxinaer 

head and properly ' toi^jji^e 
it. 


^ The primary function Of a 
cylinder he^d can be de- 
scribed'* A detailed proce- 
dure should be pffered to 
disassemble the cylinder head 
of transparent live firing 
engine* 

y 

) ■ - ■ 
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TOPIC OUTLINE 



PERFpRMSNCE OBJECTIVES 



(7 ) Compression 



to 



(8)' Torque 



(9) Camshaft 
■ Operation 



ERIC 



The student will be able t;o 

a. Relate his experience 

with transpajrent cylinder 
engine to . other engines . 

15^ Develop a tasic under--. 
< standing , and learn the 
N , functions of piston, 
cylin(|er and riirg set, 
by obi^erving ,the piston 
Operation'- through a 
transparent engine « 

c, 'Apply his basic knowledge 
and -experience to other 
similar conventional en* 
gines* 

* The studient will .be able tO: 

a; Familiarize, himself with 
a crankshaft and a con- 
necting rod^ 

b- identify and explain the 
functions of these parts, 

c. Have a knowledge of how 
the forcejof a piston is^ 
tfransmitted to a crank- 
shaft* 

The student will be able to; 
a/ Have a sound khowledge 
' of camshaft operation* 

J . 20 
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SUGGESTED ACTIVI*riES 



How compression is achieved 
may be shown through the use 
of .a transparent cyiihder en- 
gine, 'The student can oto-,. 
*serve directly how the piston 
and rings cause^ compression. 



The; fact that torque in en- 
gines is One of the most im- 
portant performance para- 
meters must^be emphasized and 
defined in terms pf physical- 
components which cause the 
torque* The connecting >rod 
and crankshaft which are in-^ 
ternal parts causing torque 
can be shown* 



Describe the operating princi- 
ple of a camshaft. Let the 
student observe, how the lobes 
of the camshaft push 5iq5i,inst_ 
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TO^IC OUTLINE 



PERFORMANCE OBJECTIVES; 
t 



(ID) iifter, 

'rocker arm 
andvalv^ 
. " operation 



to 



"(ll) How engines 
are^ air 
cooled ' 



b* Examine tfije cam lobes- 
Observe -how the Ij,fters 
and valves are .activated - 

d < Handle similar camshaft 
assembly and disassembly. 

The st*udent will-lDe able to; 

■ ' * 

understand the basic 
mechanisms which opeVate 
the valve,s- \ ** 

b* Examine the lifters, ^and 
push rods forswear*! 

c, study the function of * 
each compoj^ent by ob- 
serving the system in ^ 
action- , 

d* Apply his experienqe ^nd 
knowledge to othet de- 
signs found in different 
engines- ^ 

The "student ^^ill have; 

a, A basic/understdnding 
why 1 co(5ling is required"- 

b, A knowledge of how ^an"- 
air cooj^ing system i ope- 
rates < ' ; 

c- An insight as to Why the 
cooling" system sl^ould be 
free from obstacles, * 

" I ■ ' 
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SUGGESTED ACTIVITIES 



RESOURCES 



^he lifters. 



The^ lifters aijd rocker arms 
may be descrit;>ed. Help the 
Student conduct simple ex- 
periments to obtain. a physi- 
cal feel for these components 
and observe their functions *^ 



Describe ^he ,air' caoUng sys- 
tem of smalj. engines « Most 2~ 
5c 4 -eye J. e *small engines' are- 
air coored^- ' The student 
should ^experiinen^ Tto demon- 
strate the basic""mechanics 
of air cooling. 
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TOPIC OUTLIKE 



(12) Disassembly 
of a 2*^ycle 
Tecumseh' V 
^engine 



(13) Reassembly 
of a 

^T^umseh 
engine 



to 



(14) ^ Disassembly 
of, a 4-cyclfi 
Briggs fit . - 
gtratton 
engine 



PERPORMANCte OBJECTIVES 



-The yfajectirves of th'is activi* 
ty aVes ^ 



a-; To expose the ^student;/to* 
^ *the use pf hand"t;pols-,. 

b. To have the student obtain 
-a hands-on experience. 

To have the student study 
'the inner cojnppnents of a 
27 cyc3,e^^ small gasbline 
engine, ^ 

The purpose o£ this 'activxty 
is : to: 

a. Lead the student into as- 
sembling a Tecum»eh en- 
gine, • * " ^ 

b» Offer him the use of tools, 

c. Give him h^nds-on ex- * 

perlentfe on minor trouble 
shootxng , 

The student will be able tos 

Use liand tools properly, 

b. Develop basic skills with 
hands-on experience, 

c. Observe^and ^reco^riize the 
inner components ^pf a 4" 

* cycle, small" gasolinel 
engine, - 



SUGGESTED i^CTIVITIES 



1 



2? 



Obtain the disassembly proce- 
dure/of a^ small Tecumseh engine 
and HDffer i^ to the student, 
rrtie' disassembly proceduj^e mus-t 
be detailed so that^the student 
can -.follow the* procedure with 
relative ease. Photographs' 
must be used at 'every major 
step to help the student in 
■ disassembling^ the^unit. 



Offer the assembly procedure 
Of Tecumseh* 2-t:ycle engine. 
With the aid of photographs the 
.student should be able to re- 
assemble the Tecumseh engine. 
He learns the basic components 
inside of an engine a^nd a£ter 
minor -^adjustments^ the student 
puts the engine into workihg 
oirdeir, 

¥ 

Obtain the d^assendt)Iy pro- 
cedure of a small Briggs fit 
Stratton -enginfe. Disassembly 
must be detailed so that tlie - 
student can follow the pro- ^ 
cedure with relative e&se, 
^Photographs must be included 
a€ every. major step to help 
the^stqdent in disassembling 
the unit. 
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TOPIC OUTLINE 


PERFORMANCE GSJECTJVES' 
*' * ' * 


SUGGESTED ACTIVITIES 


RESOURCES ' 


(15) Assembly of 
a small 4- 
cycle Brigg^ 
& Stratton 

. engine 

(16) Engine per- 
^ formance 

characteris- 
tic^ * 

f i 

¥ 

(17) Operating 
procedures 
of^ an elec- 
tric ^ynamcr 

^ meter/gene- 
/ rator\. 


'The student will be able.tos ^ 

V r 

' a< Assemble a Briggs and 

Stratton , engine • ' ^ 

b, - Properly use tools, 

c. Gain experience on minor 
trouble shoofeing • *\ 

The student will be able tos 

a. Relate definitions to ac- 

tual'^engine processes ' 
b< Conduct expeSrimexots mean*- 

ingfully, 
c. Understand why^engines / 
^ . perform differently when 

engine parameters are' ' 

varied • 

* d. Understand that these par- 
ameters are adjusted during 
a tune -up- 

'The student will Kaves 

a« A basic^knowl^dge of the * 
operating feat,ures of an 
electric dynamometer, 
A knowledge of the tech- 
niques us^d to measure the 
torque and engine speed. 


The assembly procedure of a 4- 
cycle Briggs & Stratton engine 
* is offered. With the aid of 
photographs in the manual and 
stepH^y-step procedure / th^ 
student reassembles the Briggs 
& Stratton engine. He learns' 
the basic components inside of 
an engine and after minor ad- 
justments/ the student puts 
the engine into working order. 

Define those parameters which 
control the performance' and 

- efficiency of. an engine. Ex- 
plain the ignition timing/ 
compression ratio, manifold 
pressure,' fuel/air mixture . 
xatio> torque and horsepower 
. and relate their effect on en- 

' gine performance. A trans- 
parent engine can be used to 
exemplify the definition. 

■ * 

Explain to the student that it 
is essential that measurement^ - 
of engine power output varia-^ ' 
tiorjLS be taken with reasonable 
Ccire cinQ accuracy . jjcscr xoc 
measurement techniques and 
proper use of dynamometers. 
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topic' OUTLINE 


Is 

^ ' PERFpRMANCE OBJECTIVES 


SUGGESTED ApTIVITIES 


\ 

RESOURCES 


* 

(18) Coupling 
horizontal 
and verti^ 
cal shaft 
engines to 
dynamo- 
meters 

(19) Measuring 
the hors«* 
■power .of a 
4-cycle 
Briggs & 
Stratton 

- engine 

\ ■ (20) Measuring 
1 ^ the horse^ 
] power of a 
1 2 -cycle 
^ Tecumseh 
^ " engine 


c- An understahdxng of' the , 
use of an electric, dyna- 
mometer* 

The student will be in a 
position tos 

a- Properly couple- engines 
to dynamometers • 
Understand the loss of 
power \»^henever a trang-r 
mission is used to ^change 
the angle of rotation, 

c- Properly select couplets- 

The student will experience; . 

/ 

a. Horsepower ratings Of en- 
gines* ^ 

b. Where the peak horsepower 
occurs, 

c- Testing the power output 
of an engine. 

The student ^ilX haves 

a« A better understanding of 
the operating features of 
^ a 2-cycle engine* 

b. Data to compare with 4-- 
cycle engines. 


' — » — : 1 

f 

In order to measure the per- 
formance of smal,l gasoline 
engines, it is necessary to 
properly couple these engines 
to dynamometers so as to avoid 
excessive vibrations and in- 
accurate sheadings, 

■ *^ 

Since the most cpmmonly" used 
small gasoline engine is the 
Briggs & Stratton^ give the 
student the opportunity 
measure the performance of it 
or *the power output- . 
<> 

Have the student develop some 
experience in measuring the 
performance Of a 2-cycle, 
Tecumseh engine and later com-- 
pare it with a 4-cycle engine « 
Any small., 3 horsepower engine 
with a dynamometer can be 
used* 

■ ^1* 
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ERIC 



TOPIC OUTEINE 



PERFORt^NCE OBJECTIVES 



<2I.) Comparison ^ 

' of 2- 6c "4- I 

, cycle en- 

\ ginc charac- 

' teristics 



to 



(23) E|ffect of 
manifold 
pressure 
oh torque 
■ ahd horse- 
power' 



<22) ^Operation 
lof engines 
ion various 
fuels 



The student will: 



a< 



Have a sound knowledge of 
the basic difference in 
the horsepower and torque 
curves between 2-* & 4-cycle 
engines, ^ 

b. Differentiate these two 
types of engines by 
recognizing the physical 
feature of each type, 

c. Understand where each type 
o£ engine fits best. 

The studojit will gain: 

a- A broader view- of the 4- 
cycle engine operation 
demonstrating the alt^-^ 
nate use of fuel, 

b, A better understanding of 
combustion and power gene- 
rat ion i 

c* Experience ;in the use of 
different fuels showing 
the Jtevel of power they 
can produce , 

a, Basic knowledge of how 
manifold pressure affects 
horsepower output. 



SUGGESTED. ACTIVITIES 



RESOURCES 



Highlight the differences in 
performance of 2-6t 4^cycle 
small gasoline engines* Com- 
parisons must be made on 
'idling/ power density and ex- 
haust. 



The operating characteristics 
and power performance of en-* 
gines depend heavily on the" 
type of fuel. Experiments 
should be offered jwhereby the 
student can operate an engine 
on ^ither liquid" or gaseous 
fuel* ^ In performing these 
tests/ he will broaden his 
knowledge in the use of vari- 
ous energy sources, , 



One of the most important par-* 
ameters in internal "combustion 
engines is " the manifold 
pressure, A detailed explana- 
tion of the relationship of 
manifold pressure to^ engine 
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TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



(27) Efficiency 
of engines 



(28) Effect of 
compres-^ 
sion ira^io 

on per- : 

I 

f ormance 



(29) Energy con- 
version-S- 
hea t to . 
electricity 



The student will have: 

a. A basic understanding of 
the factors which effect 
the efficiency of an en-* 
gine . 

A knowledge of how ef- 
ficiency tests are per-- 
formed • 
c. An opportunity to learn 
the def initi<:»ns of energy 
units both mechanical and 
chemical* 



The student will understand: 

a. The definition of com- 
pression ratio,* 
Effect of compression on 
horsepower . 

■c. Effect of compression on 
cylinder pressure. 



The student will understand: 

a. What energy^ is, 
b«''What units are used in 

''measuring energy, 
c. Conversion of energy from 
one form to another. 



27 



SUGGESTED ACTIVITIES 



RESOURCES 



This subject must be discussed 
in^detail because of its'so^ 
phi^tication. Experimental 
procedures should be shown pro- 
viding the student with hands- 
on experience measuring the 
efficiency of an engine\ The 
effect of fuel/air mixture ra- 
tio ^ ignition timing ^ com^ 
pression ra^ia and type of 
fuel on ^ficiency must be in^ 
dicated. Such experiments may 
be carried 'but by the use of a 
flowmeter. 

Explain the fact that the com^ 
pression ratio of an internal 
combustion engine is one of 
the most important parameters 
effecting the efficiency^ power 
output and emissions of an en- 
gine^ Those engines which in- 
corporate variable compression 
mechanisms may be utilized. 

Explain the relationship of en^^ 
ergy units and offer an experi" 
ment for the student to obserw? 
and measur,e the energy conver- 
sion process,^ For example^ 
the conversion of fuel (stored 
energy) to heat and pressure 
(combustion) to mechanical 
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PERFORMANCE OBJECTIVES. 



Rotary type 
(W^nkel) 
engines 



<1) The Wankel 
engine and 
the four 
cycles 



CO 

to 



<2) 



The 4- 
stroke 
cycle of 
the rO" 
tary en- 
gine 



d< Inefficiencies of. energy 
conversion devices* 

The student will be able to 
■understand the basic opera* 
tion of Rotary piston en- 
gines/ their components and 
subsystems • The student 
will be able to identify the 
advantages and disadvantages 
of rotary, engines , their ef- 
ficiency and operating 
features and characteristics^ 

Th^ student will be able* ' 

a. To display how the Wankel 
engine develops the same, 
4 strokes as a small 4"^ 
' cycle ;gasoline engine* 

b* To compare the 4 strokes 
of the Rotary engine with 
the 4 strokes of the Otto 
engine* 

c* Sketch, the geometry of 
the Wankel rotor and 
hdusing* 

The student will be able: 

a* To expose each part of 
the 4-stroke cycle in a 
rotary engine* 



2t 



SUGGESTED ACTIVITIES 



RESOURCES 



energy may be shown* 



Series^tpf shop activities are 
suggested where the student sys- 
tematically studies the compo- 
pehts and their functions by 
the use of a transparent func- 
tional Wankel engine aiid/or 
transparencies * / 



ilake a presentation of the Wan- 
kel intake/ compr'ession/ power 
and exhaust strokes* Describe 
each stj;oke with the aid of dia- 
grams and sketches. The Wankel 
4 cycles may be compared with 
the conventional reciprocat:ing 
4-cycle engine* 



A Wankel engine may be used to 
show the intake, compression, 
power and exhauBt strokes of 
' the rotary .piston* 
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TOPIC OUTLINE 


' PERFORMANCE OBJECTIVES 

i 


SUGGESTED ACTIVITIES 


RESOURCES 


(3) Visi-- 
Wankel 
operating 
instruc- 
tions 

♦ i ,i 

(4) Descr ip^ 
tion of 

^ the Wankel 
carbui^^tor 


To relate the rotor and 
' crankshaft rotations, 

' The student will be able' to: 

a. Operate the Wankel prop- 
erly, 

b. Observe' the operation of 
tV^e rotary piston, 

i 

The student will be able to; 

a^ Explain Why ^ carburetor 

^is needed, 
b. State differences be-' 

tween air flow in a Wan-^ 
; kel and reciprocating 

^ engine , 
, c. Explain the functions 

of the venturi, float," 
\ valve and metering jets, 
d. Understand the need for 
; main and idling fuel 
.j" systems , 

\e, Uiv3erstand the differ- 
ences between float, 
diaphram and overflow ^ 
^ carburetors. 


A Wankel engine which is ^a mod^ 
ified rotary engine may be uti- 
lized for hands-on' activity, 
" With the use of an electric 
motor ^ the rotor can be ope- 
rated for observation of ro^ 
tors^ seals, crankshaft and 
other parts. 

Explain how controlling of 
fuel/air mixture is achieved^ 
in the Wankel carburetor. The 
basic components of a carbu- 
retor such as- the choke, 
throttle and the float . system 
should be described. Diagrams, 
transparencies and a sample 
^ carburetor may be utilized,* 

4 


■ SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR 
RESOURCE MATERIALS, ALSO SEE LIST AT THE END OP TJIIS GUIDE, 



TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



(5) Operation 

and dis- ^, 
- assembly 
of the 
Wankel car- 
buretor 



<6) Disassembly 
of the KH- 
48 Wahkel 
engine 



<7) Warikel 
engine 
rotor seals 



The student will^^ be able to 
explain and *have experience 
in: 

ai The components which con- 
i trol the fuel/air mixture 
: ratio* 

b,j The basic pfrinciples in- 
\ volved in venture-type 
'■[ carburetors- 



The student *?ill"be abXe to: 

a, Disassemble ^ Wankel en- ^ 
jgine, ^ 

b, :Give the proper name to 

the components of the Wan-^ 
!kel engine • 

c, Isnow wear in a character-^ 
listic manner* 



The^ objective of this section 
is:, 

a, ^To study the seals of the 

'^ankel engine < 
b< jTo Compare the seals 

j(rings) qf^ a reciprocating 
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SUGGESTED ACTIVITIES 



Describe the Wankel engine car- 
buretpr and offer a procedure 
to disassemble the carburetor* 
The. student should obtain an 
insight to the parts of a car- 
buretor arid their function. 
The fuel/air mixture control 
metHod must be described as the 
student studies each part of 
the carburetor. Manuals and 
small typiqal carburetors are 
available for this purpose, 

A disassembly procedure is 
offered to the studenti \in order 
for him to' take apart the engine 
and study its components v 
The student , after ' disassembling 
the engine, examines each part 
for its characteristic wear. 
He obtains a hands-on experience 
with the use of metric tools ih 
addition to developing skills-, 
in disassembly and reassembly, 
of rotary engines,. 

The main purpose of this section 
is to have the student examine 
the seals and study how they . 
cause sealing Of gases. Their 
unique design is compared with 
the conventional rings. 
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TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



<8) Assembly of 
the Wankel 
engine 



(9) Powered op- 
^ e ration of 
the Wankel ' 
engine 



(10) Copling and 
lubrication 
in the wan- 
kel engine 



ERLC 



engine with, the seals of 
- the Wankel* 

The student will be able to: 

a< Xiearn to use proper tools 

foi; assembly* 
b< Assemble the components 
. in Itheir proper loca" 

tio^ns* 

c. Recognize' all the "parts * 
by their proper names and 
functions « 



The student will be able to* 

i 

a< Acquaint himself with the 
engine, , . 

b, operate it* 

liearn its features. 



The student will: 

at. Have a knowledge of the 
cooling system for the 
wankel engine, 

b. Properly prepare the fuel- 
oil mixture^ 

c, lieariji how the wankel is 
'lubricated < 
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SUGGESTED ACTIVITIES 



Use metric tools and have 'the 
student experience the as- 
seiribly of a Rota^ry engine. , 
He will "be exposed to the use 
of various tools * their names 
and sizes (in metric) and 
follow the procedures to \ 
properly assemble the unit, ' 
Utilize presently available 
manuals which offer step-by*-r 
step procedures. 

After the student has learned 
the components of the Rotary 
^engine ^ he is ready to study 
its iDperatihg proce<tjtire and 
performance features; Have 
him follow the operator's man 
ual to run the engine. 

Explain*" to the student that 
^e wankel engine operates at 
a higher temperature due to ^ 
its power stroke at every 
face or side- of the rotary 
pistonf that is* the power 
stroke takes place at each 
stroke of the pxston.. 




(11) Ignition 
system of 
the Wan- 
kel en- 
• gine 



(12) 



CO 



Operation 
of the 
WanXel 
with an 
electric 
dynamos- 
meter/ 
generator 



(13) Installax 
tion of 
. flowrrieters 



(14) wankel 

power out* 

put mea- 
surements 



The studerit will be able to; 



a. Disassemble the engine and 
examine^ the ignition sys- 



tem 



Describe a magneto igni- 
tion syptem • 
c. Understand basic operation 
Of a magneto, 

I 
f 

The objectives of this sec- 
tion are tc|; 

a. Introduce the concept of a 
dynamomejter , 

b. Provide ithe experience in 
connectipg one mechanical 
syslt^m tjD another- 

.c- P^miliarjLze the student 
^With thel use of an elec-- 
trie dynairprrteter/generator 



The student 



laiT^iile ter/ 

jT ■ 

IvJill be 



a'ble to^ 



a. Proper ly '[fit a -flowmeter- 
to the WdnXel engine. 
Read flowmeters accurate- 
ly, t 

The student will be able to: 



a. Recognize 



what is meant by 



torque and power , 



32 



SUGGESTED- ACTIVITIES 

1^ 



Describe the magneto ignition 
system of the wankel engine 
with the aid of schematic diar . 
grams . offer disassembly pro- 
cedure to take the engine 'apart 
and physically examine the com- 
ponents of the Wankel magneto 

system- 

* 

Orient the student to engine 
loading and use of a dynamo- 
meter- ^ Explain the features 
of an electric dynamometer/ 
generator. Show how the Wankel 
may be coupled to the dynamo- 
met-er and "measure the torque 
and speed , Have the student 
conduct tests and take measure- 
ments using the Wankel engine. 

Explain to the students that/ 
in order to calculate the 
fuel/air mixture ratio/ it is 
required that both quantities 
be measured accurately. 



Describe the variation of tor- 
que and horsepower output at 
different engine speeds. Pre- 
sent" the me1:hod of calculating 
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TOPIC OUTLINE 



CO 



(4) 



Combus^ 

tion 

process 

in the 
Diesel 
engine 



(5) Compres- 
sion 
'tests 



r 



PERFORMANCE OBJECTIVES 



(6) Fuel in- 
jector 



tween 



a< Differentiate be 
oline and Diesel 
b. Rate octane numbers 



£u41 



The student will learn 
able: 



gas- 

,3* 



and be 



To explain the difference 
between flame propagatrion 
in a fuel/air mixture and a 
diffusion flame near) a fuel 
droplet, 
b, To^explain how combustion 
in a spark ignition pngine 
and a Diesel engine differ 
by Using these two pro- 
cesses « 



The student will learn: 

;a. The definition of^ copi"' 
pression ratio, 

b. How the Conditions ih the 
cylinder depend on cbm- 
pres^sion ratio « 
How air gets hot when com- 
pressed, 

The student will be "able to: 
a« Locate a atypical die^el 



SUGGESTED ACTIVITIES 



.ze their importance* es- 
pecially with high compression 
epgines. The method jDf rating 
fuels- must be explained and how 
its numbering is related to **gas^ 
knock" causec^ in engines,. 

Point out that the combustion of 
fuels in Diesel engines is of a 
Considerably different nature. 
Combustion process'^ should be de- 
scribed in diffusion type of 
flames and pre-mixed, flames as it 
occurs when a mixture of fuel and 
air is ignited. 



RESOURCES 



Explain that compression ratio 
is the basic parameter that 
differentiates diesel and spark 
ignition gasoline engines. 



A'procedure should be shown to* 
disasserrible a fuel injector for 
observation and study purposes^' 
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TOPIC OUTX/INE ^ 



v. 



o 



(7) Fuel in- 
jection 
controls 



(8) Operation 
of a ty- 
pical^ 
Diesel , 
engine 



(9) 



f^ERFORHAWCB OBJECTIVES 



Compari* 

s^n of - 
Diesel 
engines 
with 

spark ig- 
nition 
gasoline 
engines 



(10) Power coii; 
trol and / 
fuel air 

* " ratio 



engine fuel injector- 
' Remove the fuel injedtor 
frdm the Diesel engine, ^ 

The student will be able to; 

a. Describe three ways "ot vary- 
ing " fuel ' amounts « 



The student will be able to; 

a Start a-I^iesel engine* 
b. Control its power levels- 



SUGGESTED ACTIVITIES 



The student wiirbe apj.e to 

define and describe * ^ 

a< Power control • ! 
b. Knocking and method of ig*- 
nition, : 
Compression ^atiio* 
Engine speed, j 
Costs of operation atid i,ni- 



E'roblem^ associated with , air 
^ getting iifto fuel lines should be 
discussed and explained « 

Provide- the student i^ith an in- 
troduction to three possible iways 
of varying the injected fuel vol-^ 
ume for throttle control on Diesel 
engines* 

offer the. student an opportunity 
to pperate a typical, single cy-- 
linder Diesel 'engine. This ex^ 
perience makes him aware of the 
.basic differences in the operating 
mode of a^ Diesel engine vs, a ' 
small ■ gasoline engine" (Spark ig- 

* • ^ ", _ 

Discu^Jihe'^basic^ operating prin- 
ciples ^atiA differences between a 
Diesel a(id a gasoline, ejigine, . 



* c - 
e < 



tia-1 xnvesttnent^J 



The student will^be abXe to; 
a** Vary the fuel/air ratio of 
.a diesel engin^< 



RESOURCES 



O 
'Eh 

CO 

M • 



\ 



Discuss the effect, of fuel/air 
ratib on the horsepdw^r output, of 
.a Diesel engine, ; With the, uite of 
an eleetj^it^ynamom^ter, * v 
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TOPIC OUTLINE, 


. PERFORMANCE ^OBJECTIVES 


SUGGESTED ACTIVITIES 


■ RESOpRCES 


(11) Coupling 
Diesel to 
dynamo^- 
meter ajid 
flow- 
me ters 

<12) Operating 
a typical 
*^ Diesel . 

ejagine 

<13) Measuring 
' fuel, and 
air flow 
in a 
Diesel 
engine 

<14) Effi^ 

cienc,y of 


b< Take power -output measure- 
ments* 

c- Operate a Diesel under var- 
ious loads, 

d. Measure the fuel and air 

into the engine • ^ 

The student will be able toV 

a. Assemble the Diesel engine 
to a flowmeter systems 

TJie, student will be able to: 

' ' } ^ 

a. Operate an air cooled Die* 
sel engine- 

b, Prim^* a Diesel engine for' 
"cold*or hot" starts. 

The student will be able tot 

a. Take fuel and air measure- 
ments, r 

b. calculate the fuel/air ra- i 
tio« 

c. Indicate why Diesel engines 
operate at a lower fuel/air 
ratlo,^ 

The student will be able to: 


measurements may be taken of tor- 
que and speed from which horse* 
power is calculated. Flowmeters 
are connected to measure'* the fuel 
and air flow rates « 

Introduce the student to the use 
of a dynamometer and flowmeter 
for measuring the power output 
and;the flow of fuel and air ito 
the engine < 

Show the student the operating 
procedure for running a Single 
cylinder, air cooled Diesel en- 
gine • The studeht should familia'* 
rize himself with the starting ^ 
procedure and operation^ of the ei& 
gine- * ^ 

Present the students with the use 
of ^flowmeters, in measurj^ig fuel 
and air- - ^^^-^ 

* 

Indicate^ to the student th^t one 
o^E the basic advantages of a^igh 


..." c 
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TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



(3) Operation 
of the 
steam en- 
, gine 



(4) Sub- 
systems of 
an openr 

cycle steaiTk 
angine 



4** 



(5) Coupling 
■ an open- 
cycle stean 
engine 

(j6 ) Hor sepower 
measure*" 
ment of 
an open- 
cycle steam) 
engine 



a. Operate an open-cycle steam 
engine • 

b. Recognize the functions of 
^ach major component. 



The student will be able to; 

a. Define all major sub- 
systems, 

b. Physically examine the 
parts • 

c. Describe the function of 
each subsystem* 

d* Have the student appreciate 
the variances between an 
external and an internal 
cc^ustion engine, 

Th^ student will be able toi 

a* Use an electric dynemiometer 

The student will be able tos 

a* Calcvilate the horsepower 
output of the st^am engine, 

b., Properly measure the torque 
and -speed of the steam en*- 
gine * 



Have students observe 'the opera- 
tion of the open-cycle and name 
two majfor components. 



Direct the student into studying 

each major subsystem of the st^tam 

engine. He should learn the 
functions of the superheater, 
boiler, valve arrangment, crank- 
shaft, cams and gears* 



Utilize an electric dy.£ainometer/ 
generatqr to measure the horse-' 
power of the steemi engine. 



Offer the experimental procedure 
in measuring the torgue'and speed 
of the steam engine, A method of 
calculating the horsepower from 
the obtained data is described. 
Ample use of photographs should 
help. the student to operate the 
engine properly. 
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POWER TECHNOLOGY 
Resource Materials 

The following list of resource materials is by no means complete nor exhaustive* merely 
represents a compilation of the l^eiBt and most available materials known and used by the mem- 
bers of the committee* ' , , 

I* A Guide for Equipping InBustrial Arts f^acilities . Washington, D,C,s The American In- 
dustrial Arts Association* 1967, - ,^ 

2. Althouse* Andrew, D,, William A- Bowditch* and Carl Turnquist, Modern Welding. South 
Holland* ^Illinois: G6odheart-Wilcox Co, , 1970- ' ■ 

3* Artie EnterprLses* ,0, Box 643, Theif River Falls* Minnesota* 56701, 

4,, Attberry, Pat H, Power. Mechanics * Homewood/ 111 , : Goodheart-Wilcox Company, Inc, 1961, 

5, Begman* Myron I^, Manufacturing Processes * 4th ed,# New York:'*' John Wiley and Sons* Inc,# 
1960, f - . 

^ ^ \ 

6, BOan & MacDonald, Power Mechanics of Energy Control , lBloomi45ton# Illinois: McKnight & , 
McKnight Publishing Company, * 

7, Bohn/ Ralph "C, and Angus J, MacDonald* Power Mechanics of^Energy Control , Bloomington* 
Illinois* McKnight and McKnight Pub 1 i sri^ ng^eolap.g^ny^e,_197^ 

8, Bohn# Ralph C* and Angus J, MacDonald, Power Mechanics , Bloomington* Illinois: McKnight 
and McKnight Publishing Company, 1972, 

9, Briggs and Stratton Manufacturing Company, f 

10* DCA Educational Products* Inc, # DCA's Power Technology Series Transparencies Sets 4865-^ 
S ten ton Avenue, Philadelphia, Pa*, 19144, 
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11- Feirer, tJohn Industrial Arf^^^A^ Vocational Education . . Ann Arbor, Michigaiu CCM 

Professional Magazines, Inc. 

12. "Free" Sams Educational Materials Catalog . 4300 W. 62nd St., Indianapolis , Indiana , 
Howard W. Sams Company. 

13. General Power Technology for Industrial Arts . 2nd ed. Georgia Department of Education, 
1969. 

1 

14. Glenn, Harold T. Exploring Power Mechanics . 3rd ed. Peoria, Illinois) Charles A. 
Bennett Company, Inc. ,.1972. 

15. Glenn, Harold T.^ Exploring Power Mechanics . 2nd ed. Peoria, Illinois) Charles A. 
Bennett Company, Inc., 1972. . . , 

16. Groneman, Chris H. and John L. Feirer. General Shot> . New York: McGraw-^Hill, Inc.i 1963 

17. Independent Garage Owners Association. 

^ 18. Industrial Arts Education for Louisiana Schools . Bulletin No. 1197.. 

19. Johnson, Harold V. General-Industrial Machine Shop . Peoria, Illinois: Charles A. 
Bennett Company, 1963. 

20- MacDonald, K. L. Small Gasoline Engines . Indianapolis, Indiana: Howard W. Sams 
Company, Inc. , 1972.. 

21. MacDonald, K. L. Small Gasoline Engines . Student's Workbook. Indianapolis, Indiana: 
Howard W. Sams and Company, Inc., 1972. 

22. - Mechanics Handbook . Grafton, Wisconsin^ Tecumseh Products Company, 1971. 

23. outboard Marine Corporation, . Lincoln,^ Nebraska: 68501. 
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24* Pipe* Ted, Siaall Gasoline Engines Training Manual , 2nd ed, Kansas City; Howard W, 
Sam^ ^nd Companyf Inc«, 1972, 

25* prakkenf Xiawrence # ed. School Shogi , Ann Arbor* Michigan; praXken publications, inc, 
' — ' 

26, Purvis, Jud, Ml About Small Gas Engines * Goodheart-Wilcox Company* Inc, 

27, Safety in Industrial Arts Education for Louisiana Schools ^" Bulletin No, 1203, State 
Department of Public Education, 197 1- 

28, Small Engines - Car, Operation, Maintenance, and Repair , Vol, II, Doraville* Ga,; Poote 
and Davies* 

23* Stephenson* George E, Power Technology , Albany* New York; Delmar Publishers, 1973, 

30, Stephenson* George E, Small Gasoline Engines , Albany* Ktew York; Delmar Publishers, 
1964, ' 

00 31,-Stewaxt* Harry li, and John M, Storer, Fluid Power , Indianapolis* Indiana; Hbward W, 
Sams and Company* Inc, , 1?70, 

32, Sullivan* J- A- Developing Instructional Systems for the power Laboratory , Department 
of Occupational Education* School of Engineering and Technology* Southern Illinois 
University* Carbondale, 

33* Tune^tto Services & Trouble Shooting , Indianapolis* Indiana; Howard w, Sams and Company* 
' Inc* 1972, . . 

• , 34, Units and Student Experiments , Southwest Texas State College Industrial Arts Department* 
. * San Marcos* Texas* 1970, - 

35, Wetzel. Guy F, Automotive Diagnosis and Tune-tto , Sth ed. Bloomington* Illinois: 

McKnight Publishing Company* 1970, ^ 



36, Wisconsin Manufacturing Company, 

37. Lux, Donald G. , Willis E. Ray, and H. Dean Hauenstein. World of xConstruction . Bloomington , 
Illinois* McKnight and McKnight* Publishing Company, 1971. 
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